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'$%  :DWHUYDSRUGLIIXVLRQFRHIILFLHQW 
dh  (TXLYDOHQWK\GUDXOLFGLDPHWHU
ܨ݈ݑݔா )OX[RIHDFKSRLQW
ܨ݈ݑݔூ  )OX[RIWKHLQLWLDOSRLQW
g  *UDYLW\
h  +HDWWUDQVIHUFRHIILFLHQW
+  +RWIOXLG
ID  'EDQG
IG  *EDQG
-  :DWHUYDSRXUIOX[
-$*0'  :DWHUYDSRXUIOX[E\$*0'
-$*0'* :DWHUYDSRXUIOX[E\$*0'ZLWKJUDSKHQHHIIHFW
ܬ ܬ௢Τ   1RUPDOL]HGIOX[
N[  7UDQVYHUVDOWKHUPDOFRQGXFWLYLW\
N]  $[LDOWKHUPDOFRQGXFWLYLW\
[[L
 
L  &KDQQHOOHQJWK
/0+  /PK
Mw  0ROHFXODUPDVVRIZDWHU
Pavgm  /RJPHDQDLUSUHVVXUHEDVHGIURPERWKVLGHVRIWKHPHPEUDQH
Pavgma  /RJPHDQDLUSUHVVXUHZLWKLQWKHDLUJDS
3&  :DWHUYDSRUSUHVVXUHRQWKHDLUJDSOD\HU
3+  :DWHUYDSRUSUHVVXUHRQWKHPHPEUDQHVXUIDFH
Pr  3UDQGWOQXPEHU
PT  7RWDOSUHVVXUHRIZDWHUYDSRUDQGDLU
3Z  9DSRUSUHVVXUHRISXUHZDWHU
r  0HPEUDQHSRUHUDGLXV
R  8QLYHUVDOJDVFRQVWDQW 
5D  0HDQURXJKQHVV
5$*0' 7RWDOPDVVWUDQVIHUUHVLVWDQFHLQWKH$*0'
ߛ௠  6XUIDFHWHQVLRQRIWKHPHPEUDQHLQFRQWDFWZLWKDLU
ߛ௠௟  6XUIDFHWHQVLRQRIWKHPHPEUDQHLQFRQWDFWZLWKOLTXLG
ߛ௟  6XUIDFHWHQVLRQRIOLTXLGLQFRQWDFWZLWKDLU
ߛ௠்  7RWDOVXUIDFHIUHHHQHUJ\
ߛ௠௅ௐ  /LIVKLW]YDQGHU:DOOVLQWHUDFWLRQRIWKHPHPEUDQH
ߛ௠஺஻  /HZLVDFLGEDVHLQWHUDFWLRQRIWKHPHPEUDQH
ߛ௠ା  (OHFWURQDFFHSWRUSDUDPHWHU
ߛ௠ି  (OHFWURQGRQRUSDUDPHWHU
Re  5H\QROGVQXPEHU
5*  0ROHFXODUGLIIXVLRQUHVLVWDQFHUHODWHGZLWKWKHJUDSKHQHHIIHFW
[[LL
 
5.  .QXGVHQGLIIXVLRQUHVLVWDQFH
50  0ROHFXODUGLIIXVLRQUHVLVWDQFH
50DLU  0ROHFXODUGLIIXVLRQUHVLVWDQFHLQWKHDLUJDS
57  5RRPWHPSHUDWXUH
65  6DOWUHMHFWLRQUDWLR
Tavg,a  $YHUDJHWHPSHUDWXUHEDVHGIURPERWKVLGHVRIWKHPHPEUDQH
Tavg,m  $YHUDJHWHPSHUDWXUHDWWKHDLUJDS
X  )ORZYHORFLW\
ଵܹ  :HLJKWRIWKHVDWXUDWHGPHPEUDQH
ଶܹ  :HLJKWRIWKHGU\PHPEUDQH
[1D&O  0ROHIUDFWLRQRI1D&O
[Z  0ROHIUDFWLRQRIZDWHU
ݐ  2SHUDWLQJGXUDWLRQ

JZ  $FWLYLW\FRHIILFLHQWRIZDWHU
G૟  7KLFNQHVV
įm  0HPEUDQHWKLFNQHVV
įa  $LUJDSWKLFNQHVV
ο݃  0DVVRISHUPHDWH
H૟  0HPEUDQHSRURVLW\
k  7KHUPDOFRQGXFWLYLW\
ߣ  /DWHQWKHDWRIZDWHU
P૟  9LVFRVLW\
U૟  /LTXLGGHQVLW\
ߩ௘  'HQVLW\RIHWKDQRO
[[LLL
 
ߩௗ  'HQVLW\RI39')PDWHULDO
Ĳm  0HPEUDQHSRUHWRUWXRVLW\
*૟  7RWDOIORZUDWHRIFRQGHQVDWHDWWKHERWWRPRIWKHFRQGHQVLQJVXUIDFH
air  $LU
cf  &RQGHQVDWHILOP
cp  &RROLQJSODWH
f   )HHG
fl   )OXLG
gap  $LUJDS
m  3RURXVPHPEUDQH
si  6ROLGPHPEUDQH












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$%675$&7
,QUHFHQWGHFDGHVPDQ\UHJLRQVRIWKHZRUOGVXIIHUIURPZDWHUVFDUFLW\ZKLFKLVRQHRI
WKHPRVW FULWLFDO LVVXHV LQ WKHZRUOG 7KHPDLQ FKDOOHQJH LV WR VXSSO\ IUHVKZDWHU WR
ZDWHU VKRUWDJH UHJLRQV ,Q DGGLWLRQ ZDWHUERUQH LOOQHVV KDV EHHQ FDXVHG WKURXJK WKH
FRQVXPSWLRQRIWKHFRQWDPLQDWHGGULQNLQJZDWHULQWKHVHUHJLRQV6HDZDWHUGHVDOLQDWLRQ
LV RQH RI WKH DOWHUQDWLYH ZD\V WR SURGXFH IUHVKZDWHU +RZHYHU FXUUHQW GHVDOLQDWLRQ
WHFKQRORJLHV OLNH UHYHUVH RVPRVLV 52 PXOWLVWDJH IODVK 06) DQG PXOWLHIIHFW
GLVWLOODWLRQ0('KDYHVHYHUDOLVVXHVVXFKDVKLJKHQHUJ\FRQVXPSWLRQDORZUHFRYHU\
UDWH RI WRWDO ZDWHU DQG ODUJH IRRWSULQW $PRQJ WKH VHYHUDO WHFKQLTXHV WR UHSODFH
FRQYHQWLRQDO GHVDOLQDWLRQ WHFKQLTXHV PHPEUDQH GLVWLOODWLRQ 0' LV RQH RI WKH
SURPLVLQJ WHFKQRORJLHV &XUUHQWO\ PLFURILOWUDWLRQ 0) PHPEUDQHV DUH LPSOHPHQWHG
IRU 0' DSSOLFDWLRQ GXH WR WKHLU VXLWDEOH SRUH VL]H GLVWULEXWLRQ +RZHYHU VRPH
SURSHUWLHVRI0'DUHVWLOOQHHGHGWREHHQKDQFHGHVSHFLDOO\WKHKLJKK\GURSKRELFLW\WR
DYRLGPHPEUDQH SRUHZHWWLQJ DQG KLJK SRURVLW\ WR LQFUHDVH SHUPHDWH IOX[:LWK WKH
GHYHORSPHQWRIQDQRWHFKQRORJ\HOHFWURVSLQQLQJLVEHFRPLQJDSURPLVLQJWHFKQRORJ\WR
IDEULFDWH K\GURSKRELF DQG KLJKO\ SRURXV PHPEUDQHV 7KXV WKH REMHFWLYHV RI WKLV
GLVVHUWDWLRQDUHWRIDEULFDWHDVXLWDEOHPHPEUDQHIRU0'WHFKQRORJ\E\HOHFWURVSLQQLQJ
WHFKQLTXH
1RYHO QDQRILEHU PHPEUDQHV IDEULFDWHG E\ HOHFWURVSLQQLQJ WHFKQLTXH DUH KHUHLQ
SURSRVHGIRU0'DSSOLFDWLRQWRWUHDWVHDZDWHUDQG52EULQHIURPFRDOVHDPJDV&6*
SURGXFHG ZDWHU 7KH HOHFWURVSXQ PHPEUDQH FRXOG EH WDLORUHG WR KDYH
VXSHUK\GURSKRELFLW\ KLJK SRURVLW\ DGHTXDWH SRUH VL]HV DQG QDUURZ SRUH VL]H
GLVWULEXWLRQDQGWKLQWKLFNQHVVVRLWFRXOGEHXVHGLQDSSOLFDWLRQVRIKLJKSHUIRUPDQFH
0'SURFHVV7R IXUWKHU LPSURYH WKH0'SHUIRUPDQFHRI WKHHOHFWURVSXQPHPEUDQHV
[[Y
 
WKUHH GLIIHUHQW PHWKRGV ZHUH FRQVLGHUHG L -DQXVW\SH K\GURSKRELFK\GURSKLOLF
QRQZRYHQPHPEUDQH WRUHGXFHPDVV WUDQVIHUUHVLVWDQFHLLQDQRPDWHULDOVHPEHGGHG
PHPEUDQH WR LPSURYH OLTXLG HQWU\ SUHVVXUH /(3 DQG LLL VXUIDFH PRGLILFDWLRQ RI
HOHFWURVSXQPHPEUDQHVWRWUHDWFKDOOHQJLQJZDVWHZDWHUVRXUFHV
-DQXVW\SH K\GURSKRELFK\GURSKLOLF GXDOOD\HU QDQRILEHU QRQZRYHQ PHPEUDQHV ZHUH
LQLWLDOO\IDEULFDWHGE\DIDFLOHHOHFWURVSLQQLQJWHFKQLTXHDQGDSSOLHGIRUGHVDOLQDWLRQE\
DLU JDS 0' $*0' $VVSXQ QHDW VLQJOH DQG GXDOOD\HU QDQRILEHU PHPEUDQHV
FRPSRVHG RI D K\GURSKRELF SRO\YLQ\OLGHQH IOXRULGHFRKH[DIOXRURSURS\OHQH 3+ WRS
OD\HU ZLWK GLIIHUHQW VXSSRUWLQJ K\GURSKLOLF OD\HU PDGH RI HLWKHU SRO\YLQ\O DOFRKRO
39$ Q\ORQ 1 RU SRO\DFU\ORQLWULOH 3$1QDQRILEHUVZHUH IDEULFDWHGZLWK DQG
ZLWKRXWKHDWSUHVVSRVWWUHDWPHQW6XUIDFHFKDUDFWHUL]DWLRQVKRZHGWKDWWKHDFWLYHOD\HU
LH 3+ RI DOO HOHFWURVSXQ QDQRILEHU PHPEUDQHV (10V H[KLELWHG D URXJK KLJKO\
SRURXV!SRURVLW\DQGK\GURSKRELFVXUIDFH&$!RZKLOHWKHRWKHUVLGHZDV
K\GURSKLOLF &$RZLWK YDU\LQJ SRURVLW\+HDWSUHVVLQJ WKHPHPEUDQH UHVXOWHG WR
WKLQQHUWKLFNQHVVIURP!PWRPDQGVPDOOHUSRUHVL]HVP7KH
$*0' H[SHULPHQWV LQ D FURVVIORZ VHW XS ZHUH FDUULHG RXW ZLWK FRQVWDQW LQOHW
WHPSHUDWXUHVDWWKHIHHGDQGSHUPHDWHVWUHDPVRIDQGÛ&UHVSHFWLYHO\
7KH$*0'PRGXOHKDGDPHPEUDQHDUHDRIFPDQG WKH WKLFNQHVVRI WKHDLUJDS
ZDVPP7KHQHDWVLQJOHDQGGXDOOD\HU(10VVKRZHGDZDWHUSHUPHDWHIOX[RIDERXW
 a  /PK /0+ XVLQJ  ZW1D&O VROXWLRQ DV IHHG ZKLFKZDVPXFK
KLJKHU WKDQ WKDW RI D FRPPHUFLDO 39') PHPEUDQH a  /0+ 7KH SURYLVLRQ RI D
K\GURSKLOLF OD\HUDW WKHERWWRPOD\HUHQKDQFHGWKH$*0'SHUIRUPDQFHGHSHQGLQJRQ
WKHZHWWDELOLW\DQGFKDUDFWHULVWLFVRIWKHVXSSRUWOD\HU7KH3+1GXDOOD\HUQDQRILEHU
[[YL
 
PHPEUDQHSUHSDUHGXQGHUWKHRSWLPXPFRQGLWLRQVKRZHGIOX[DQGVDOWUHMHFWLRQRI
/0+DQGUHVSHFWLYHO\ZKLFKKDVJRRGSRWHQWLDOIRU$*0'DSSOLFDWLRQ
7KUHH GLIIHUHQW QDQRPDWHULDOV ZHUH LQFRUSRUDWHG LQ SRO\PHULF VROXWLRQV IRU WKH
LPSURYHPHQW RI OLTXLG HQWU\ SUHVVXUH /(3 ZKLFK ZHUH FDUERQ QDQRWXEHV &17V
JUDSKHQHDQGKH[DJRQDOERURQQLWULGHK%1)LUVWO\VXSHUK\GURSKRELFUREXVWPL[HG
3+QDQRILEHUPHPEUDQHVZHUHIDEULFDWHG LQFRUSRUDWLQJ&17VDVQDQRILOOHUV WR LPSDUW
DGGLWLRQDOPHFKDQLFDODQGK\GURSKRELFSURSHUWLHV7KHHOHFWURVSXQPHPEUDQHKDVEHHQ
GHVLJQHG WR KDYH WZR FRKHVLYH OD\HUV D WKLQ&173+ WRS OD\HU DQG D WKLFN QHDW 3+
ERWWRP OD\HU 7KURXJK GLIIHUHQW FKDUDFWHUL]DWLRQ WHFKQLTXHV &17V ZHUH IRXQG WR EH
ZLGHO\ GLVWULEXWHG RQLQ WKH QDQRILEHUV ZKHUH PRUH EHDGVRQVWULQJ ZHUH IRUPHG DW
KLJKHU &17 FRQWHQW +RZHYHU WKH EHDGVRQVWULQJ GLG QRW VLJQLILFDQWO\ DIIHFW WKH
PHPEUDQH SRURVLW\ DQG SRUH VL]H DV ZHOO DV GLG QRW GHJUDGH WKH0' SHUIRUPDQFH
+LJKO\SRURXVVWUXFWXUHZDVREVHUYHGIRUDOOPHPEUDQHVDQGWKHQDQRILEHUPHPEUDQH
VKRZHGFRPSDUDEOHSRUHVL]HVZLWKDFRPPHUFLDO IODWVKHHW39')PHPEUDQHEXWDWD
PXFK KLJKHU SRURVLW\ ! 7KH FRQWDFW DQJOH LQFUHDVHG WR KLJKHU
VXSHUK\GURSKRELFLW\DWRXSRQWKHLQFRUSRUDWLRQRIZW&17VLQWKHQDQRILEHU
GXH WR LQFUHDVHG URXJKQHVV DQG DGGHG HIIHFW RI K\GURSKRELF &17V 7KH OLTXLG HQWU\
SUHVVXUHDOVRLQFUHDVHGZKHQZW&17ZDVDGGHGFRPSDUHGWRWKHQHDW3+QDQRILEHU
PHPEUDQH7KHUHVXOWLQJIOX[RIWKHZW&17LQFRUSRUDWHGQDQRILEHUPHPEUDQH
 /PK ZDV FRQVLVWHQWO\ KLJKHU WKDQ WKH FRPPHUFLDO 39')PHPEUDQH 
/PKZLWKDQDYHUDJHLQFUHDVHRIGHSHQGLQJRQWKHIHHGZDWHUW\SHRU
J/ 1D&O VROXWLRQ ZLWKRXW FRPSURPLVLQJ WKH VDOW UHMHFWLRQ ! 7KH SUHVHQW
QDQRILEHUPHPEUDQHVFRQWDLQLQJ&17VZLWKRQHVWHSHOHFWURVSLQQLQJIDEULFDWLRQVKRZ
KLJKSRWHQWLDOIRUGLUHFWFRQWDFW0''&0'GHVDOLQDWLRQDSSOLFDWLRQ
[[YLL
 
7KH IROORZLQJ VWXG\ GHPRQVWUDWHG WKH GHYHORSPHQW RI D JUDSKHQHORDGHG HOHFWURVSXQ
QDQRILEHU PHPEUDQH DQG HYDOXDWLRQ RI WKHLU GHVDOLQDWLRQ SHUIRUPDQFH LQ $*0'
'LIIHUHQW FRQFHQWUDWLRQV RI JUDSKHQH ZWZHUH LQFRUSRUDWHG LQRQ HOHFWURVSXQ
3+PHPEUDQHWRREWDLQDUREXVWDQGVXSHUK\GURSKRELFQDQRFRPSRVLWHPHPEUDQH7KH
UHVXOWV VKRZHG WKDW JUDSKHQH LQFRUSRUDWLRQ KDV VLJQLILFDQWO\ HQKDQFHG WKHPHPEUDQH
VWUXFWXUH DQG SURSHUWLHV ZLWK DQ RSWLPDO FRQFHQWUDWLRQ RI  ZW LH *3+
&KDUDFWHUL]DWLRQRI*3+UHYHDOHGPHPEUDQHSRURVLW\RI!FRQWDFWDQJOHRI!R
VXSHUK\GURSKRELFDQGKLJK/(3RI!N3D7KHVHIDYRUDEOHSURSHUWLHVOHGWRDKLJK
DQG VWDEOH $*0' IOX[ RI  /PK RU /0+ FRPSDUHG ZLWK a /0+ IRU WKH
FRPPHUFLDO39')IODWVKHHWPHPEUDQHDQGH[FHOOHQWVDOWUHMHFWLRQIRUK
RIRSHUDWLRQXVLQJZW1D&OVROXWLRQDVIHHGIHHGDQGFRRODQWLQOHWWHPSHUDWXUHV
RIDQGR&UHVSHFWLYHO\$WZRGLPHQVLRQDOG\QDPLFPRGHOWRLQYHVWLJDWHWKHIOX[
SURILOH RI WKH JUDSKHQH3+PHPEUDQH LV DOVR LQWURGXFHG 7KH SUHVHQW VWXG\ VXJJHVWV
WKDWH[SORLWLQJWKHLQWHUHVWLQJSURSHUWLHVRIQDQRILEHUVDQGJUDSKHQHQDQRILOOHUVWKURXJK
D IDFLOH HOHFWURVSLQQLQJ WHFKQLTXHSURYLGHVKLJKSRWHQWLDO WRZDUGV WKH IDEULFDWLRQRID
UREXVWDQGKLJKSHUIRUPDQFH0'PHPEUDQH
$QRWKHU VWXG\ IRFXVHG RQ K%1 HPEHGGHG QDQRILEHU PHPEUDQH WR PDLQWDLQ IOX[
VWDELOLW\LQDORQJWHUP$*0'SURFHVV7KHKH[DJRQDOODWWLFHVRIWKH%1QDQRSDUWLFOHV
%113VZHUHPRGLILHG E\ K\GUR[LGHDVVLVWHG EDOOPLOOLQJZLWKRXW GDPDJH RFFXUUHG
GXULQJ WKH H[IROLDWLRQ SURFHVVHV DQG WKH\ ZHUH HQFDSVXODWHG LQ 3+ HOHFWURVSXQ
QDQRILEHUPHPEUDQH&KDUDFWHULVWLFVRIWKH%13+PHPEUDQHLQGLFDWHGDOPRVWVLPLODU
UHJDUGLQJ PHPEUDQH WKLFNQHVV ILEHU VL]H SRURVLW\ DQG SRUH VL]H +RZHYHU FRQWDFW
DQJOHRDQG/(3N3DRIWKH%13+PHPEUDQHZHUHKLJKHUWKDQWKDWRIWKH
QHDW3+PHPEUDQHZKLFKVKRZHGWKDWWKH%13+PHPEUDQHFRXOGKDYHOHVVZHWWLQJ
[[YLLL
 
LVVXHVFRPSDUHGZLWKWKHQHDW3+PHPEUDQH%HVLGHVWKHUPDOFRQGXFWLYLW\RIWKHQHDW
3+DQG%13+ZDV:P.DQG:P.UHVSHFWLYHO\DVH[SHFWHGWKDWWKH
%13+ PHPEUDQHV FRXOG OHDG WR D KLJK 0' ZDWHU YDSRU IOX[ SHUIRUPDQFH GXH WR
UHGXFHG PDVV WUDQVIHU UHVLVWDQFH DQG DOVR UHGXFWLRQ LQ FRQGXFWLYH KHDW ORVV YLD WKH
PHPEUDQH 7KH LQLWLDO ZDWHU YDSRU IOX[ RI WKH QHDW 3+PHPEUDQHZDV  /0+
KRZHYHULWVXIIHUHGZHWWLQJSUREOHPLQOHVVWKDQKRSHUDWLRQ2QWKHRWKHUKDQGWKH
%13+ PHPEUDQH VKRZHG D VWDEOH ZDWHU YDSRU IOX[  /0+ DQG VDOW UHMHFWLRQ
SHUIRUPDQFHVHYHQDIWHUKRI0'RSHUDWLRQ7KLVPHPEUDQHKDVDJRRG
SRWHQWLDOIRUORQJWHUPDSSOLFDWLRQRI0'IRUVHDZDWHU)XWXUHLQWHUHVWLQWKLVVWXG\PD\
EHWRILQGDPHFKDQLVPIRUWKHLPSURYHGZDWHUYDSRUIOX[SHUIRUPDQFHRIWKH%113V
HQDEOHGHOHFWURVSXQQDQRILEHU0'PHPEUDQH
0'SURFHVVLVDOVRFRQVLGHUHGWRWUHDWZDVWHZDWHURURWKHUFKDOOHQJLQJZDVWHZDWHUVXFK
DV WKH RQH IURP WH[WLOH G\H DQG RLO LQGXVWULHV+RZHYHU0'PHPEUDQHV VKRXOG EH
LPSURYHG IRU SUHYHQWLQJ PHPEUDQH ZHWWLQJ LVVXHV FRPPRQO\ FDXVHG E\ ORZ VXUIDFH
WHQVLRQ OLTXLGV VXFK DV VXUIDFWDQWV EHQ]HQH PHWKDQRO DQG KH[DQH 7KXV WKLV VWXG\
GHVFULEHGWKHGHYHORSPHQWDQGSHUIRUPDQFHRIDQRPQLSKRELFSRO\YLQ\OLGHQHIOXRULGH
39')PHPEUDQHIDEULFDWHGE\HOHFWURVSLQQLQJDQGVXUIDFHPRGLILHGE\&)SODVPD
IRU $*0' 7KH HIIHFW RI GLIIHUHQW GXUDWLRQ RI SODVPD WUHDWPHQW RQ WKH QDQRILEHU
PHPEUDQHFKDUDFWHULVWLFVZDVLQYHVWLJDWHG7KH$*0'SHUIRUPDQFHRIWKHPHPEUDQHV
ZDVHYDOXDWHGXVLQJUHDO52EULQHSURGXFHGIURP&6*SURGXFHGZDWHUWKDWZDVDGGHG
ZLWK ORZ VXUIDFH WHQVLRQ OLTXLG VXUIDFWDQW DV IHHG VROXWLRQ 5HVXOWV LQGLFDWHG WKH
IRUPDWLRQ RI QHZ&)&) DQG&) ERQGV DIWHU SODVPD WUHDWPHQWZKLFK ORZHUHG WKH
VXUIDFH HQHUJ\ RI WKHPHPEUDQH SURYLGLQJ RPQLSKRELF SURSHUW\ DV LQGLFDWHG E\ LWV
ZHWWLQJUHVLVWDQFHWRGLIIHUHQWORZVXUIDFHWHQVLRQOLTXLGVVXFKDVPHWKDQROPLQHUDORLO
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HYHQZLWK WKH DGGLWLRQRI XS WR P0VRGLXPGRGHF\O VXOIDWH VXUIDFWDQW WR WKH52
EULQH IURP &6* SURGXFHG ZDWHU IHHG ZKLOH FRPPHUFLDO 39') PHPEUDQH VXIIHUHG
PHPEUDQHZHWWLQJDIWHUP0RIVXUIDFWDQWDGGLWLRQ%DVHGRQWKHUHVXOWVWKHSUHVHQW
RPQLSKRELFPHPEUDQHKDVJRRGSRWHQWLDO IRUSURGXFLQJFOHDQZDWHUIURPFKDOOHQJLQJ
ZDWHUVFRQWDLQLQJKLJKVDOLQLW\DQGRUJDQLFFRQWDPLQDQWV
7KHDLPRIWKLVVWXG\LVWKHGHYHORSPHQWRIVXLWDEOHHOHFWURVSXQQDQRILEHUPHPEUDQHV
IRU0'7KLVVWXG\PDLQO\IRFXVHVRQWKHQHZO\GHYHORSHGRQHGLPHQVLRQDODQGWZR
GLPHQVLRQDOQDQRPDWHULDOVHPEHGGHGQDQRILEHUPHPEUDQHVZKLFKVXIIHUOHVVZHWWLQJ
LVVXH DQG KDYH LPSURYHGZDWHU YDSRU IOX[ SHUIRUPDQFH LQ0' ,W DOVR LQYHVWLJDWHV D
VLPSOH VXUIDFH PRGLILFDWLRQ WHFKQLTXH WR JHQHUDWH DQWLZHWWLQJ SURSHUW\ RQ WKH
PHPEUDQH VXUIDFH 2YHUDOO WKLV DXWKRU VXFFHVVIXOO\ IDEULFDWHG VHYHUDO HOHFWURVSXQ
QDQRILEHU PHPEUDQHV ZLWK HQKDQFHG ZDWHU YDSRU IOX[ DQG VWDEOH VDOW UHMHFWLRQ
SHUIRUPDQFHVIRU WKH WUHDWPHQWRIVHDZDWHUVHDZDWHU52EULQHDQG&6*52EULQHE\
0' DSSOLFDWLRQV 7KH IDEULFDWHG HOHFWURVSXQ QDQRILEHU PHPEUDQHV H[KLELWHG EHWWHU
SHUIRUPDQFHVWKDQWKHFRPPHUFLDO39')PHPEUDQHVGXHWRWKHLUVXLWDEOHPRUSKRORJLHV
DQGFKDUDFWHULVWLFVIRU0'DSSOLFDWLRQ7KXVSURSHUPHPEUDQHVZHUHIDEULFDWHGZKLFK
OHG WR HQKDQFHG PHPEUDQH SURSHUWLHV VXFK DV VXSHUK\GURSKRELFLW\ DQG DQWLZHWWLQJ
SURSHUW\ $QG WKHLU 0' SHUIRUPDQFHV KDYH EHHQ FRPSDUHG ZLWK WKH RQHV LQ WKH
SUHYLRXVUHSRUWV7KLVVWXG\PD\WKHUHIRUHFRQWULEXWHWRIXWXUH0'UHVHDUFKHVUHJDUGLQJ
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